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Glossary 
 
Adverse event – a non-beneficial outcome measured in a study of an intervention that may or may not 
have been caused by the intervention. 
 
Analgesia – the relief of pain without causing unconsciousness. 
 
Antenatal – existing or occurring before birth. 
 
Antenatal care – care of women during pregnancy by doctors and midwives in order to predict and 
detect problems with the mother or the unborn child.  Advice is also offered on other matters relevant to 
pregnancy and birth. 
 
Antepartum haemorrhage – bleeding from the birth canal in the second half of pregnancy. 
 
Apgar score – system for assessing the physical condition of infants immediately after birth. A 
maximum of two points awarded for each of five categories: heart- rate, breathing effort, muscle tone, 
reflexes and colour. 
 
Assisted vaginal delivery - delivery of the baby with the help of forceps or ventouse (vacuum 
extractor). 
 
Augmentation of labour – a medical (e.g. Intravenous oxytocin) or surgical (amniotomy) intervention in 
an attempt to increase the strength of uterine contractions. 
 
Cephalopelvic disproportion – occurs when the baby’s head or body is too large to fit through the 
mothers pelvis. 
 
Epidural analgesia – a local anaesthetic injected around the spinal sac causing some numbness in the 
lower part of the body.  It relieves labour pains effectively. 
 
Episiotomy – surgical incision into the perineum and vagina to prevent traumatic tearing during 
childbirth. 
 
Fetal assessment – assessing and monitoring the fetus during pregnancy. 
 
Fetal distress –occurs if the fetus is not receiving enough oxygen. 
 
Fetal malpresentation – anything except vertex as face, brow, breech, shoulder, cord and complex 
presentations. 
 
Fetus – the unborn baby.   
 
Gestation (or gestational age) – length of pregnancy measured in weeks 
 
Gestational diabetes – a disorder with high blood sugar levels caused by inappropriate levels of the 
hormone insulin. 
 
Induction of labour – starting labour artificially by using drugs or other methods. 
 
Intervention – clinical procedure in pregnancy or labour e.g. induction or labour, delivery of the fetus 
with forceps or by caesarean section. 
 
Intrapartum – during labour. 
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Macrosomia – large baby for gestational age, typically > 10
th
 percentile
Maternal and Fetal Medicine specialist (MFM) - Obstetrician who specialises in the care of women 
with high risk pregnancy 
Midwife – a person appropriately educated and registered to practice midwifery and who provides care, 
advice and assistance during pregnancy, labour and birth, and after the baby is born. 
Morbidity – being damaged or diseased. 
Multiparous – having carried more than one pregnancy to a viable stage. 
Narcotic – an agent that relieves pain; the term is applied especially to the opioids, i.e. natural or 
synthetic drugs with morphine-like actions. 
Neonatal – refers to the first 28 days of life. 
Neonatal mortality rate – deaths within the first 28 days of life per 1,000 livebirths 
Non-vertex presentation - the presenting part of the fetus or the part which is entering the birth canal 
first is unusual (e.g. bottom, shoulder, face or brow, instead of the top of the head). 
Nulliparous – having never given birth to a viable infant. 
Obstetrician – a doctor who specialises in the management and care of pregnant women and childbirth. 
An obstetrician has specialist education, training and experience and is a fellow of the Royal Australian 
and New Zealand College of Obstetricians and Gynaecologists (RANZGOG). Obstetricians provide care 
in secondary, tertiary and private hospitals. 
Obstetrics – services relating to the management and care of pregnancy and childbirth, for example 
antenatal appointments, labour, delivery and care after the baby is born. 
Occipito-posterior- back of babies head is against mothers back. 
Perinatal – refers to the period from 20 weeks of pregnancy to 28 days after birth. 
Perinatal mortality rate – the sum of stillbirths and neonatal deaths per 1,000 births 
Perineum – the area between the vagina and the anus. 
Placenta praevia – when the placenta is located at the bottom of the uterus, close to or covering the 
cervix. 
Placental abruption- separation of the placenta from the wall of the uterus. 
Postnatal (also postpartum) – pertaining to the four weeks after birth. 
Postpartum haemorrhage – excess bleeding from the birth canal after birth. 
Precipitate delivery – delivery accomplished with undue speed. 
Preterm labour – labour occurring at less than 37 completed weeks of pregnancy. 
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Preterm Prelabour Rupture of Membranes (PPROM) – bag of waters breaks or leaks well in advance 
of the due date and before the commencement of labour. 
Resuscitation is intervention after a baby is born to help it breathe and to help its heart beat. 
Retained placenta - a placenta that has not undergone placental expulsion within 30 minutes of the 
baby's birth. 
Small for gestational age is defined as a weight below the 10th percentile for the gestational age 
Stillbirth – a baby born dead after 20 completed weeks’ gestation. 
Shoulder dystocia - a specific case of obstructed labour whereby after the delivery of the head, the 
anterior shoulder of the infant cannot pass below, or requires significant manipulation to pass below, the 
pubic symphysis. 
Third or fourth degree perineal tear- a tear in the vaginal tissue, perineal skin, and perineal 
muscles that extends into the anal sphincter. 
Threatened preterm labour-the onset of labour before 37 weeks characterised by regular painful 
contractions. 
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Abbreviations 
APH – antepartum haemorrhage 
BBA – born before arrival 
GDM – gestational diabetes 
LGA – large for gestational age 
MFM – Maternal and Fetal Medicine specialist 
MNS – Midwives Notification System 
PET – pre-eclampsia 
PIMC – Perinatal and Infant Mortality Committee 
PPH – postpartum haemorrhage 
PPROM – Prolonged Preterm Rupture of Membranes or Preterm Prelabour 
Rupture of Membranes 
PTB – preterm birth 
SCN – Special Care Nursery 
SGA – small for gestation age 
TPL – threatened preterm labour 
WIRF – Women and Infants Research Foundation 
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PART A: Preface 
Introduction 
The projects presented in this portfolio were conducted as part of my role as a biostatistician 
at the Biostatistics and Research Design Unit, Women and Infants Research Foundation 
(WIRF) in Western Australia (WA). WIRF is a community-based, not for profit research 
organisation dedicated to the fields of obstetrics, gynaecology and neonatal medicine, and 
works in collaboration with King Edward Memorial Hospital for Women in Perth (KEMH) 
(http://wirf.com.au/). KEMH is the sole tertiary level perinatal centre for the state, and home 
to the School of Women’s and Infants’ Health at the University of Western Australia (UWA). 
WIRF conducts research independently as well as in partnership with other organisations to 
fund, support and advocate for high quality scientific studies.  The main areas of research 
include the prevention of preterm birth, improved pregnancy for mothers and babies, 
improved care for sick newborns, gynaecologic oncology and women’s health. Projects such 
as the WA Preterm Birth Prevention Initiative and the Fetal Futures program are two of many 
projects currently underway. Further projects are listed on the WIRF website. The role of the 
Biostatistics Unit is to provide consultation and collaboration in the design, conduct, analysis, 
interpretation and reporting of research conducted at KEMH and affiliated institutions. 
The WPP projects form part of the Homebirth Study; a large research project conducted at 
WIRF to compare perinatal morbidity and mortality between planned hospital and planned 
homebirths in WA.   Planned homebirth refers to births that are intended to occur at home 
with the assistance of a qualified practitioner, usually a registered midwife [1]. Less than 1% 
of women choose to have homebirths in WA, however, there has been ongoing controversy 
over the safety of homebirth in recent years with evidence of increased perinatal mortality in 
some studies.  Planned homebirth is thought to be a safe alternative for women determined 
to be at low risk of pregnancy complications by established screening criteria, however, for 
women who are not determined to be at low risk, particularly at the onset of labour, there 
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appears to be an excess of neonatal morbidity and mortality in homebirth [1]. Additionally, 
published studies show that 7.4%-30% of women planning a homebirth will be transferred 
during the antenatal period, and of more concern for many women, 1.5%-13% will require a 
transfer after the onset of labour due to the development of labour complications [2].  
Two consecutive reports published by the Perinatal and Infant Mortality Committee of 
Western Australia (PIMC) in 2007 and 2010 found evidence of increased perinatal mortality 
in homebirths in the 2002-2004 and 2005-2007 triennia. The 13th PIMC Report (2010) 
recommended priority should be given to an independently performed prospective cohort 
study to assess mortality and morbidity outcomes for women planning homebirths in WA [3].  
The Homebirth Study was designed in response to the ‘directed research’ theme intended to 
address the recommendation of the 13th PIMC Report and to shed light on morbidity and 
mortality associated with homebirth in WA.  
The aims of the homebirth study were: 
(1) To conduct a detailed prospective audit of planned homebirths in WA (2012-2013) 
(2) To compare perinatal morbidity and mortality between planned homebirth and 
planned hospital birth in WA (2002-2013) 
(3) To develop a benchmarking model for transfers of care, morbidity and mortality in 
planned homebirth in WA 
(4) To recommend a detailed process for ongoing evaluation of safety of homebirth in 
WA 
Professor Dorota Doherty, Head Biostatistician at WIRF and Adjunct Professor at the School 
of Women’s and Infants’ Health, UWA is the principal investigator on the homebirth study 
and was responsible for obtaining the targeted research grant awarded by WA Health. Other 
Clinical Investigators on the team included a Maternal and Fetal Medicine specialist, a 
Research Midwife, a Clinical Psychologist and the Custodian of the Maternal and Child 
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Health database. The Homebirth Study commenced in mid-2012 and completed recruitment 
in mid-2014. The final report to WA Health is currently in preparation. 
Previous studies have been limited by small sample sizes, the lack of an appropriate 
comparison group and differences between levels of risk at onset of labour.  To overcome 
these limitations, this study incorporated twelve years of pregnancy data for home and 
hospital births (2002-2013) and included well defined risk levels assigned to each pregnancy 
at the onset of labour. 
To our knowledge the Homebirth Study is the largest Australian study collecting data on all 
aspects of planned homebirth with the ability to comprehensively compare the outcomes of 
planned homebirth to planned hospital birth. The results provide evidence on outcomes for 
planned homebirth in WA, and the findings will inform policy on homebirth Australia wide. 
The WPP projects covered two distinct components of the Homebirth Study and were 
conducted under the supervision of Professor Doherty. 
WPP Project 1 
This project addresses Aim (2) and was designed to compare morbidity and mortality 
between planned homebirth and planned hospital birth in WA, 2002-2013, while accounting 
for patient characteristics, levels of risk at onset of labour and changes in policy and 
governance.  Evidence suggests homebirth is a safe model of maternity care for women 
considered low risk at the onset of labour.  To account for the increase in adverse outcomes 
associated with increased obstetric risk at the onset of labour, four levels of obstetric risk 
were created and assigned to each birth. Risk levels were defined according to the presence 
or absence of medical conditions (pre-existing or during pregnancy) or obstetric 
complications that could influence pregnancy outcomes. Confounding factors were 
established apriori and adjusted for in the analysis of all maternal and neonatal outcomes. 
Unadjusted and adjusted logistic regression modelling was performed on maternal and 
neonatal outcomes and compared between planned hospital and planned homebirths at 
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each risk level.  Low medical and obstetric risk hospital births were used as the reference 
level in all models. 
WPP Project 2 
This project addresses Aim (3) and was designed to estimate antenatal, intrapartum and 
postpartum transfer rates based on the population of low risk women who planned hospital 
birth and who were eligible for planned homebirth. Decision analytic modelling was used to 
construct a pregnancy model using data for low risk planned metropolitan hospital births 
from 2011 to 2013, in accordance with changes in guidelines for homebirth released by WA 
Health in 2011 [2]. The pregnancy model previously developed by Doherty et al. (2009) was 
constructed to model pregnancy outcomes using maternal characteristics and pregnancy 
complications predictive of adverse maternal and neonatal outcomes. The accuracy of the 
simulated pregnancy outcomes were evaluated by comparison with observed data. A large 
hypothetical dataset was generated with characteristics and events that reflected the 
homebirth population [4]. The model facilitated the evaluation of pregnancy outcomes and 
transfers in homebirth women and will enable future comparisons of observed and expected 
rates of obstetric interventions, adverse outcomes and transfers. 
My role 
I completed both projects during 2015 as part of my employment as a full time biostatistician 
at WIRF, under the direction of Professor Doherty. Both projects were part of a larger study 
to further investigate the safety of homebirths in WA. The theme of the projects was an 
extension of my previous work involvement on the Review of Evidence into the Safety of 
Homebirth in WA conducted by WIRF in collaboration with the School of Women’s and 
Infants’ Health in 2011 [1]. 
The second project required the use of Tree Age Pro statistical software for decision analytic 
modelling. To learn how to use the software for the purposes of the project, I travelled to 
Sydney for a two day Healthcare Modelling Training course at the end of 2014. The course 
11 
provided useful instruction on the Tree Age Pro interface and various modelling techniques 
used in the construction and implementation of the pregnancy model in Project 2, including 
bootstrapping methods, Markov modelling and microsimulation analysis. 
My role in both projects involved data preparation, statistical analysis, presentation and 
interpretation of results for the report. Professor Doherty provided direction and advice 
throughout the course of the study. 
Results from both studies will form part of the final report to WA Health and will inform the 
development of guidelines for future practice. Results will be presented at the Australian 
Homebirth Conference in 2016 and will become published manuscripts in the near future. 
Teamwork 
Communication with other team members 
Professor Doherty, James Humphreys (programmer) and I have worked together in the 
Biostatistics Unit at WIRF for the last ten years during which time we have built a solid 
working relationship based on good communication and a clear understanding of our roles. 
Most of our work is conducted independently, however, on this occasion we worked together 
due to the scope of the Homebirth Study.  I liaised with Professor Doherty regarding the 
direction of the study and for advice on statistical issues and with James Humphreys 
regarding coding or data issues. 
On occasion, it became necessary to meet with other Clinical Investigators on the study 
team to gain a clinical context; for example, advice was sought from the specialist 
obstetrician on conditions requiring transfer from home to hospital care, for implementation 
in the pregnancy model for project 2. 
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Working with timelines 
The initial report was due to WA Health by mid-2015; however, flexibility was needed as data 
extracts from the Health Department were delayed. Timelines were changing throughout the 
study period as delays became inevitable.  The final data extract was not received until July 
2015 and the expected completion time for the final report has been extended to January 
2016. 
The proposed timeline was well within my own deadline for the end of semester 2, 2015, 
however, extract delays and extended timelines left limited time for writing up the projects.   
Negotiating roles and responsibilities 
Initially, my role for the study was clearly defined, but as the timelines tightened, it became 
clear we should utilise the skills of our programmer, James Humphreys, to continue building 
the pregnancy model, which enabled me to continue work on the statistical aspects of the 
study. This decision provided a good utilisation of skills and enabled the study to continue at 
a productive rate despite the delays. 
Reflections on Learning 
Communication skills 
Communication skills, both verbal and written, were paramount throughout the course of the 
projects as the scope and duration of the Homebirth Study was large. It was essential to 
effectively summarise and communicate the progress of the analysis to Professor Doherty. 
Concerns with data coding or complex statistical issues needed to be recognised quickly, 
prioritised and clearly communicated. There were regular open discussions between 
Professor Doherty, James Humphreys and myself as we collaborated on various issues as 
they arose. 
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Clear and concise written communication was also vital for the study given the long time 
frame, additional data extracts, numerous recodes and definitions of new variables. The 
formation of risk levels was particularly important as it required the evaluation of many 
variables. It is our usual practice to conform to standard naming conventions and accurately 
date and label files for reproducibility of the results in future analyses. The importance of this 
practice was reinforced throughout the study while using a shared directory with Professor 
Doherty. 
Work patterns/planning 
Given the scope of the project and the changing timelines, setting work patterns and 
planning ahead were essential to maintaining a productive workflow.  Both projects utilised 
one large dataset and were subject to delays in analysis while waiting on additional data 
extracts.  Planning and implementing in a time effective manner while dealing with extract 
delays were paramount to workflow on the project.  Initial work time was spent setting up the 
pregnancy model in Tree Age Pro for Project 2 to familiarise myself with the new software. 
Once this was achieved, the incomplete dataset was recoded into an analytic dataset and 
descriptive summaries and analyses were run to create syntax files for rerun several months 
later when the final extract arrived. 
Statistical principles, methods and computing 
The data extracts captured all births in WA from 2002 to 2013. A matched case control study 
was originally considered for Project 1 but could not be successfully implemented because it 
was impossible to adequately match the many characteristics/events that were rare in 
homebirths. A retrospective cohort study comparing morbidity and mortality in hospital and 
home births in term singleton births was eventually considered the best approach. Preterm 
and multiple births were excluded as they were rare among homebirth women and, in fact, 
ineligible for homebirth from 2011 onwards in accordance with the Homebirth Policy [2]. The 
benefit of prior knowledge and understanding of the research area and the importance of 
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being able to provide context to statistical approaches and ideas were valuable learning 
experiences. 
Due to the vast amount of medical and obstetric information needed to statistically evaluate 
maternal and neonatal outcomes, we developed an overall obstetric risk status for each birth 
to use in the analysis, rather than including a multitude of individual conditions. The overall 
risk level incorporated the presence or absence of medical and obstetric conditions known to 
influence pregnancy outcomes. A considerable amount of time was spent discussing how to 
define risk, to align the limited data with the Home Birth Policy screening criteria [2].  The 
implementation of an overall risk status seemed reasonable as it also aligned with medical 
and clinical ascertainment where pregnancy is generally classified as low, medium or high 
risk. SPSS statistical software and TreeAge software were used for data analysis, with 
graphs produced in Excel. 
Ethical considerations 
NHMRC ethics guidelines 
Ethical approval was obtained according to National Health and Medical Research Council 
(NHMRC) guidelines [5]. Approval from the Human Research Committee was obtained for 
data from the WA routine data collections.  NHMRC guidelines were followed with respect to 
confidentiality and protection of identity. 
Professional responsibility 
Throughout the course of the projects I was aware of my professional responsibility to carry 
out my work with due diligence and care, to act with integrity in my dealings with others, to 
upgrade my professional knowledge and skills when relevant and to maintain the highest 
standard of professional conduct at all times, in accordance with the SSAI Code of Conduct 
[6]. 
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WPP Project 2 
Estimation of transfers of care in planned homebirths using decision analytic modelling. 
Location and dates: Women and Infants Research Foundation, King Edward Memorial Hospital for Women, 
Perth, Western Australia, January – November 2015. 
Context: The general setting has already been described in the preface and WPP Project 1 and is included 
again here to provide the broader context for this project. WPP Project 2 was part of a large targeted research 
study for WA Health to evaluate morbidity and mortality associated with home birth in Western Australia.  The 
‘targeted theme’ for the large study was in response to evidence of increased perinatal mortality in homebirths 
reported by the Perinatal and Infant Mortality Committee (PIMC) in consecutive triennia, 2002-2004 and 2005-
2007. This project addresses one of the aims of the larger study and was designed to estimate transfer rates and 
pregnancy outcomes based on the population of low risk women who planned hospital birth and who were 
eligible for planned homebirth. Decision analytic modelling was used to construct the pregnancy model previously 
developed by Doherty et al. (2008) using data for low risk planned metropolitan hospital births from 2011-2013 
[1]. Maternal characteristics and pregnancy complications predictive of pregnancy outcomes were used to 
develop estimates of transfer rates, maternal and neonatal outcomes to enable future comparisons of observed 
and expected rates in the population of planned homebirth women.   
Contribution of student: 
 Creation of parsimonious models of risk factors for pregnancy outcomes consistent with physiological
factors in a medical context  using multiple logistic regression modelling
 Introduction to Tree Age software and gaining proficiency in its use
 Construction and implementation of the pregnancy model in TreeAge
 Familiarisation with the Home Birth Policy and implementation of transfer rates in the pregnancy model
in accordance with policy guidelines
 Collation and presentation of results
 Contribution to report writing for the funding body
Statistical issues involved: 
 Logistic regression modelling
 Probability theory – conversion of cross sectional  prevalence data  to longitudinal data  representing
weekly  rates over the pregnancy
 Decision trees, bootstrapping methods and Markov cycles
 Monte Carlo simulations
 Implementation of the individual patient sampling model
Declaration: 
I declare this project is evidence of my own work, with direction and assistance provided by my project 
supervisor.  This work has not been previously submitted for academic credit. 
Signed:
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Supervisor’s Statement: 
The objective of this project was to estimate the adverse event rates that may occur during antenatal, intrapartum 
and postpartum periods in pregnancy and consequently will require a transfer of care from midwifery led care 
amongst women who planned a homebirth. This was a complex project that required statistical modelling of event 
probabilities and their implementation into a decision analytic model that enabled to estimate rates of specific 
transfers of care when adverse events were simulated to occur.  Liz performed all aspects of this project with a 
very high degree of independence and in collaboration with other team members to meet the project deadlines. 
The majority of the study components were completed by Liz independently, with a minimal supervision better 
described as a collaborative approach to problem solving.  
Signed: 
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Introduction 
This project addresses Aim (3) of the targeted research study and was designed to estimate 
the expected rates of antenatal, intrapartum and postpartum transfers in homebirths to 
inform women and their healthcare providers. Decision analytic modelling was used to 
construct a pregnancy simulation model (PSM) previously developed by Doherty et al. 
(2008), based on the population of low risk women who planned hospital birth and who were 
eligible for planned homebirth [1]. The pregnancy model was formulated as a Markov cycle 
model to represent weekly pregnancy events and associated labour and birth outcomes 
observed in the hospital obstetric population. The model was implemented as an individual 
patient level Monte Carlo simulation. The accuracy of the simulated pregnancy outcomes 
was evaluated by comparison with observed data. 
The estimation of transfer rates for the planned homebirth population required adjustment in 
the PSM to reflect the reduced rate of obstetric intervention in homebirths. Transfer rates 
were implemented in the PSM in alignment with the Home Birth Policy [2]. 
Data sources 
Data on maternal characteristics and pregnancy outcomes were obtained from the Midwives 
Notification System of Western Australia (MNS).  Pregnancy data from the MNS included 
maternal age, ethnicity, parity, smoking in pregnancy, pre-existing medical conditions 
including asthma, hypertension, diabetes and others; pregnancy complications including 
threatened abortion, antepartum haemorrhages due to placenta praevia, placental abruption 
or other causes, preeclampsia, pregnancy induced hypertension, gestational diabetes, 
threatened preterm labour, urinary tract infections, and other complications; analgesia and 
anaesthesia during labour and birth; complications of labour, mode of  delivery (spontaneous 
vaginal, assisted vaginal and caesarean section), and postpartum complications such as 
postpartum haemorrhage and retained placenta. Medical conditions and pregnancy 
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complications are also recorded with International Classification of Diseases (ICD) diagnosis 
codes. Neonatal outcomes recorded include gestational age at delivery (recorded as number 
completed weeks), sex, birth weight, live/stillborn outcome, Apgar score, resuscitation, 
admission to special care nursery and duration of hospital stay.  Socio-Economic-Index-For-
Areas (SEIFA) Advantage-Disadvantage Index scores based on local government area were 
also obtained within the linked data from the WA Data-Linkage System [3]. SEIFA scores 
were recoded into quintiles and the top two quintiles were combined and used as an 
indicator of high socioeconomic level.  
Ethical approval was obtained and NHMRC guidelines were followed with respect to 
confidentiality and protection of identity. 
SPSS statistical software was used for logistic regression analysis [5]. The implementation 
of the model and generation of hypothetical cohorts was conducted using Tree Age Pro 
(Tree Age, 2015), a general software package for decision analytic modelling [6].  Excel was 
used for the production of graphs. 
 
Statistical Methods 
Pregnancy simulation model 
Data on metropolitan low risk planned hospital births (n=34,480) between 2011 and 2013 
were used to develop the PSM.  The pregnancy model is illustrated in Figure 1 and can be 
considered in three stages. The first stage introduces a new patient into the model with a 
randomly assigned profile of maternal characteristics drawn from the target obstetric 
population.  The second stage feeds the assigned maternal characteristics into the 
pregnancy cycle in which the probability of having a pregnancy complication during any one 
week can be estimated.  If a complication occurs, maternal risk factors are combined with 
the occurrence of the complication to predict a likelihood of labour during the week. If labour 
does not occur, the woman advances one week of pregnancy and the cycle is repeated, 
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retaining both maternal risk factors and pregnancy complications. The cycles begin at 20 
weeks gestation (the time at which the fetus is considered viable if born), and continue until 
either labour occurs or the patient reaches 42 weeks gestation, when it is accepted practice 
to induce labour. The third stage involves the generation of a simulated dataset of individual 
women (n=1,000,000) including maternal characteristics, complications of pregnancy, 
gestation at onset of labour, labour complications, maternal and neonatal outcomes 
consistent with those in the target obstetric population.  The validity of the model is 
determined by evaluating the accuracy of the rates of simulated outcomes to those in the 
observed data.  
The PSM was extended to evaluate pregnancy outcomes and estimate transfer rates to 
medical or hospital care in homebirths. Probabilities associated with obstetric interventions 
during labour and births were adjusted to reflect the homebirth population and transfer rates 
were implemented in the PSM. 
Maternal characteristics and pregnancy outcomes  
Pregnancy outcomes vary depending on the presence of maternal risk factors. A profile of 
maternal characteristics from the planned hospital birth cohort was randomly assigned to 
each simulated woman using bootstrapping methods via the decision analytic software. The 
profile included maternal age (<20y, 20-34y, 35+y), parity (0, 1-4, 5+), ethnicity (Caucasian, 
ATSI, other), smoker (yes, no) and high SEIFA (yes, no), and these characteristics were 
retained in the model for use in future event probabilities.   
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Pregnancy 
complications 
xEND  
 Spontaneous 
 Induced 
 Augmented 
Update 
clinical risk 
factors 
Postpartum transfer to 
hospital care 
Intrapartum transfer 
to hospital care 
 Major resuscitation 
 SCN admission 
 Stillbirth 
 Severe perineal trauma 
 Haemorrhage 
 Retained placenta 
 Spontaneous VD 
 Assisted VD 
 Emergency CS 
 Elective CS 
 
 Prolonged labour 
 Fetal distress 
 Shoulder dystocia 
 Threatened preterm 
labour 
 Pre-eclampsia 
 Prelabour rupture of 
membranes 
 Gestational diabetes 
 Antepartum 
haemorrhage 
 Placenta praevia 
 Placental abruption 
 Intrauterine growth 
restriction 
 Small/large for 
gestational age 
Weekly pregnancy events 
(one cycle per week of 
pregnancy) 
Pregnant 
START 
Maternal 
risk factors 
Antenatal transfer to 
hospital care 
Onset of labour 
Maternal & 
clinical risk 
factors 
Intrapartum 
complications 
Mode of delivery 
Postpartum maternal 
complications 
Neonatal complications 
END 
Figure 1. The pregnancy simulation model 
47 
 
Major pregnancy complications included in the model were those likely to affect pregnancy 
outcomes. These complications, listed in the order modelled according to the impact on 
clinical management, included threatened preterm labour (TPL), preterm and term pre-
labour rupture of membranes (PROM), pre-eclampsia (PET), placenta praevia, antepartum 
haemorrhage due to abruption or other causes (APH), gestational diabetes (GDM), ‘other’ 
complications such as anaemia or sexually transmitted infections, the fetus being small/large 
for gestational age (SGA/LGA) and spontaneous preterm birth.  
Modelling of labour and birth included vertex/non-vertex presentation, spontaneous and 
induced onset of labour or no labour (caesarean section), spontaneous and assisted vaginal 
delivery, emergency and elective caesarean section. The model also included complications 
of labour such as prolonged second stage of labour, fetal distress in labour, and maternal 
outcomes such as severe perineal tear, postpartum haemorrhage (PPH) and retained 
placenta. Neonatal outcomes modelled included resuscitation, admission to Special Care 
Nursery and stillbirth or neonatal death.  
The PSM generated a detailed data set of maternal risk factors, pregnancy events and 
labour and birth outcomes for each simulated pregnancy including the gestational age (GA) 
at delivery. When a pregnancy complication occurred, the pregnancy week at the onset of 
the complication was recorded. When the PSM was extended to evaluate transfers in 
homebirths, transfers to medical or hospital care were also recorded.  
Structure of the model 
Many biological systems that have a recurring component can be represented using a 
Markov chain structure.  In a pregnancy Markov model, the states in the Markov chain 
represent the health states of the simulated pregnancy and each cycle in the pregnant state 
corresponds to a weekly increment in pregnancy duration (Figure 2).  
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Figure 2. Markov structure. wE9 represents the transition probability from pregnancy to 
labour and birth. 
The likelihood of changing health state from ‘pregnant’ to ‘labour and birth’ is defined by 
transition probabilities. Labour typically occurs between 37 and 42 weeks of pregnancy, after 
which time it is hospital policy to induce labour if it has not commenced.  The occurrence of 
pregnancy complications has a significant effect on the pregnancy week in which labour 
occurs, and transition probabilities are modelled to depend on the presence of individual 
complications and the current pregnancy week. A Markov cycle decision tree was used to 
model the likelihood of a pregnancy complication occurring in each pregnancy week via a 
probability tree structure attached to the pregnant state [7] (Figure 3).  
 
Pregnant week w 
 
C1 C2 C8 
Outcomes 
w
E1  [0,1] 
w
E2 [0,1] 
w
E8 [0,1] 
p (labour week w) = 
w
E9 
 
Figure 3. Probability structure attached to pregnancy state. Cj represents pregnancy 
complication j. The probability of the presence/absence of complication j in pregnancy week 
w is given by wEj. Outcomes are stored in a vector of indicators to determine the transition 
probability from pregnancy to labour and birth, wE9.   
Individual patient level simulation was used to evaluate the probability path a hypothetical 
pregnant woman traverses during each pregnancy week. This allowed for the recording of 
the onset of a single pregnancy complication as it occurred, and it had potential to alter the 
w E 9 1 
1 - w E 9 
Pregnant Labour and 
birth 
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likelihood of another complication and the transition probability in subsequent pregnancy 
weeks.  
Modelling transition probabilities  
The simulated pregnancy starts with a maternal profile of characteristics randomly drawn 
from the observed low risk hospital data using the bootstrapping method via the software. 
Maternal characteristics were represented as a vector of binary indicators M = (M1,…,Mk), 
used to predict the likelihood of pregnancy complications. 
 During weekly cycles in the pregnant state, the onset of any pregnancy complications 
were also stored as a vector of binary indicators C = (C1,…,Cj), that remained unchanged or 
updated as required. Logistic functions were used to predict the probability of an event y in 
pregnancy week w, denoted by wEy, where y represents an event or outcome, such as the 
onset of a pregnancy complication, transition from pregnancy to labour and birth, and 
intrapartum, postpartum and neonatal outcomes. The logistic function for the probability of 
wEy in the presence of risk factors M and C was defined as 
 
P(wEy | M, C) = 1/(1+exp(-(α+βM+γC))) 
 
with maternal risk factor parameters β = ( β1, β2,…, βk) and pregnancy complication 
parameters γ = ( γ1, γ2,…, γj) and α representing the risk level for the reference group. Event 
probabilities predicting onset of complications and labour were suitably modified to reflect 
the current pregnancy week by scaling predictive parameters. For each event y considered, 
the risk parameters were estimated using logistic regression analysis of the observed 
pregnancy data. Selection of appropriate predictors was based on previous research 
conducted in the unit on WA pregnancy data, statistical significance during modelling and 
consultation with clinical experts to ensure only physiologically plausible risk factors were 
retained.  
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Predicting onset of complications  
The presence of a complication often increases the risk of other adverse pregnancy, labour 
and birth outcomes, and these increased risks were retained throughout the simulated 
pregnancy. Complications that may recur, such as APH or TPL, were modelled to occur only 
once so the risks were always associated with the first occurrence of a complication.  
The pregnancy data used to construct the PSM recorded the prevalence of complications. 
However, the modelling required conversion of the prevalence of each complication into 
weekly incidence rates that were distributed over the pregnancy time horizon. The proportion 
of the population, wĉj, with complication j occurring in pregnancy week w was estimated 
using gestation week at delivery and further adjusted for the weekly reduction in the 
pregnancy cohort due to labour. A life tables approach was used to estimate the probability 
of the onset of a complication j in pregnancy week w, such that  
P(wOj) = 
wĉj / 
we 
 
where we represents the effective proportion exposed to risk in week w [8].  The onset of 
labour was assumed to occur at the end of each pregnancy week, therefore, the effective 
proportion exposed to risk in week w was the total proportion of women pregnant in the 
previous week, excluding the proportion of women ‘withdrawing’ after onset of labour without 
the complication, and the estimated proportion of women who developed the complication 
(wĉj) in the previous week. The proportion of women pregnant and the proportion 
‘withdrawing’ through labour were obtained from the observed hospital pregnancy data.  
Application of the logistic risk function to predict occurrence of complication j in week w, 
given maternal risk factors and the presence of complications required scaling of the logistic 
function by the prevalence of Cj. The probability of event y for each of the 8 complications 
modelled in week w, given risk factors M and C, was estimated by 
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and the prediction of the next event included the presence of any complications that may 
have already developed during the same week.  
Predicting onset of labour  
The onset of labour was modelled to occur between 20 and 42 weeks of pregnancy and 
represented the final event of the week. If spontaneous onset of labour did not occur by 42 
weeks, induced labour was modelled in accordance with obstetric guidelines. The prediction 
of onset of labour was based on pregnancy complications and current pregnancy week. The 
probability of onset of labour, wL, in week w given the presence of complication Cj was 
estimated using the law of conditional probability [9]. 
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Since pregnancy was modelled in a finite probability space that reduced in weekly intervals, 
the probability of labour given the presence of complication P(wL|Cj) was scaled to account 
for withdrawals due to labour.   
The probability of the onset of labour at week w in pregnancies without any complications 
was calculated as 
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and scaled to account for withdrawals due to labour.  
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The weekly probabilities )|( j
w CLP of labour for each complication Cj and for labour in 
pregnancies without complications were converted to risk coefficients and combined into a 
single logistic prediction function. For simulated pregnancies where complications did not 
occur, the probability of labour was represented by the constant term w  in the logistic 
equation. This function was used to determine the probability of labour for each simulated 
patient according to all complications that may have been present and the current pregnancy 
week.  The probability of labour was estimated after the outcomes were determined for each 
of the 8 pregnancy complications, resulting in event 9 representing the onset of labour at 
week w given the presence of pregnancy complications, such that 
1
9 ]))[exp(1()|()|(
 j
ww
j
w
j
w CCLPCEP   
. 
Labour and birth  
Labour events and birth outcomes were predicted by maternal characteristics, pregnancy 
complications and GA at delivery. For each event y considered, the risk parameters were 
estimated using logistic regression analysis of the hospital pregnancy data. Selection of 
appropriate predictors was based primarily on risk factors previously identified in pregnancy 
by Doherty et al [1], and on statistical significance to ensure models were parsimonious and 
retained only physiologically plausible factors.  
Model validation 
Model validation was necessary before extension of the PSM to include modelling of 
homebirths.  Model calibration and validation ensured that the PSM correctly generated 
distributions of maternal characteristics and accurately simulated the pregnancy outcomes 
for each combination of maternal characteristics.  To preserve the heterogeneity of the 
obstetric population, the observed and simulated outcomes were compared by stratification 
for the important maternal factors, such as age and parity. Extensive validation was 
53 
 
performed to confirm that labour and birth outcomes reflected the profiles of pregnancy 
complications and maternal characteristics.    
Some deviations between observed and simulated outcomes were expected due to the large 
number of maternity characteristics resulting in sub-populations with small sample sizes, 
such as nulliparous women aged 35 years and over, and in predicting rare outcomes such 
as stillbirth. Further departures resulted from converting the cross-sectional information into 
predictive longitudinal equations.  In the few cases where simulated outcomes deviated from 
the observed, minor empirical adjustments to the relevant logistic regression coefficients 
were made until a satisfactory fit was achieved.  
Modelling homebirths  
The main aim of the PSM was the estimation of transfer rates for the population of planned 
homebirths. Previous studies demonstrate the rates of most obstetric interventions are 
reduced in planned homebirths compared with hospital births. The probabilities of labour 
events and birth outcomes predicted by maternal characteristics, pregnancy complications 
and GA at delivery were adjusted to reflect the reduced rates in homebirth by utilising the 
following relationship in the PSM. 
    
         
         
 
rearranged to give,  
   
     
            
 
where p1 represents the probability of the event observed in the homebirth population, p2 is 
the probability of the event observed in the hospital population and OR is the adjusted odds 
ratio representing the likelihood of the event in observed low risk homebirths (L1) relative to 
low risk hospital births (L1) at the onset of labour (reported in Table 3: Maternal outcomes; 
Table 5: Neonatal outcomes, WPP Project 1). 
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Antenatal, intrapartum and postpartum transfers of care  
Pregnancy complications requiring referral to medical care were modelled to result in an 
antenatal transfer; complications during labour and around the birth were modelled to result 
in intrapartum or postpartum transfers from home to hospital. Transfer rates were 
implemented in accordance with the Home Birth Policy (see Appendix 1) and confirmed on 
occasion with advice received from the specialist obstetrician on the study [2]. Once a 
simulated woman was transferred to hospital care in the PSM, obstetric intervention rates 
observed in the hospital population were applied.  
 
Results 
Metropolitan planned hospital births between 2011 and 2013 among women 18 years or 
more with no medical risk factors (n=34,480) were used to develop the pregnancy model. 
The majority of women were Caucasian (73.4%), 20-34 years of age (78.6%), having their 
first child (54.1%), non-smokers (92.3%) and not of high socioeconomic status (57.6%) 
(Table 1).  
 
Table 1. Maternal characteristics of planned hospital births in WA, 2011-2013. 
 
Planned hospital 
birth 
N=34,480 
   
Maternal characteristics N % 
Age (years)   
<20 963 2.8 
20-34 27104 78.6 
35+ 6413 18.6 
Parity   
0 18643 54.1 
1-4 15511 45.0 
5+ 326 0.9 
Ethnicity   
Caucasian 25315 73.4 
Aboriginal/TSI 329 1.0 
Other 8836 25.6 
Smoking 2639 7.7 
SEIFA high 14520 42.4 
Postpartum transfer to 
hospital care 
Intrapartum transfer 
to hospital care 
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Definitions and observed rates of pregnancy complications used in the development of the 
model are presented in Table 2.  The prevalence of preterm birth (5.9%) in the low risk 
hospital cohort is considerably lower than the average rate of approximately 8% in Australia. 
The prevalence of pre-eclampsia (PET), all causes of antepartum haemorrhage and 
prelabour rupture of membranes were 2.2%, 2.4% and 3.7% respectively. The dramatic 
increase in abnormal glucose tolerance and obesity in Australian women was reflected in the 
cohort with 7% women identified with gestational diabetes.   
 
Table 2. Definition and prevalence of pregnancy complications considered in the model. 
Complication Definition Prevalence % 
Threatened preterm 
labour (TPL) 
Onset of regular contractions before 37 
weeks of pregnancy 
1.3 
Prelabour rupture of 
membranes (PROM) 
Rupture of membranes prior to onset of 
labour 
3.7 
Pre-eclampsia (PET) Gestational hypertension with protein in urine 2.2 
Antepartum 
haemorrhage (APH) 
Any bleeding in pregnancy. May be caused 
by premature separation of the placenta 
(placenta abruption), or the placenta overlies 
the part of the cervix (placenta praevia), or 
have unknown origin. 
2.4 
Gestational diabetes 
(GDM) 
Carbohydrate intolerance with onset or first 
identified during pregnancy 
7.0 
Preterm delivery Birth before 37 completed weeks of 
pregnancy 
5.9 
Other antenatal 
complications 
Includes hypertension, anaemia, sexually 
transmitted diseases, and other unspecified 
conditions 
12.0 
 
To illustrate how the occurrence of pregnancy complications influences gestational age at 
onset of labour and delivery, a cumulative distribution of gestations at delivery for selected 
pregnancy complications is presented in Figure 2. Women with complications such as GDM, 
TPL, PET, PROM or APH were more likely to deliver at earlier gestations than those with no 
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pregnancy complications. To model the GA at onset of the complication it was necessary to 
use information on the minimal and/or maximal limits of when complications can occur. 
 
 
Figure 2. Cumulative distribution of gestational age at delivery in the presence of pregnancy 
complications. TPL-threatened preterm labour, PET-pre-eclampsia, GDM-gestational 
diabetes mellitus, No Comp-no antenatal complications. Prelabour rupture of membranes 
(PROM) and antepartum haemorrhage (APH) complications followed a similar trajectory to 
PET and were excluded from the graph to improve visual clarity.  
 
Maternal and clinical risk factors used to model pregnancy outcomes for the PSM are 
presented in Table 3. Selection of appropriate predictors was based primarily on risk factors 
previously identified in pregnancy by Doherty et al [1], and then on statistical significance, for 
parsimony of the models, and to ensure that only physiologically plausible factors were 
retained.  
 
0
10
20
30
40
50
60
70
80
90
100
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
C
u
m
u
la
ti
ve
 o
n
se
t 
o
f 
la
b
o
u
r 
(%
) 
GA at onset of labour (weeks) 
TPL
PET
GDM
No Comp
57 
 
Table 3. Maternal and clinical risk factors used to model pregnancy outcomes 
Outcome Maternal risk factors Clinical risk factors 
TPL Age<20,  ATSI Placental abruption, APH 
PROM Nulliparity  
PET Nulliparity GDM 
APH Age≥35, nulliparity, 
SEIFA 
TPL 
Placenta praevia Age≥35  
Placental abruption Smoking TPL 
GDM Age≥35, nulliparity, 
ethnicity 
 
IUGR Nulliparity, ethnicity, 
smoking 
PET 
Macrosomia Parity 5+ GDM 
GA at delivery Age, Parity, ethnicity, 
smoking, SEIFA 
All antenatal complications 
Non-vertex  delivery Age, Parity, tertiary GA, PET, PROM, macrosomia 
Onset of labour Age,  parity, ethnicity, 
SEIFA, tertiary  
GA, PET, PROM, GDM, TPL, APH, placental 
praevia, placental abruption, IUGR, 
macrosomia 
Analgesia in labour Age,  parity, ethnicity, 
SEIFA, tertiary 
GA, PET, PROM, IUGR, macrosomia, 
augmentation, induction of labour 
Prolonged labour Age,  parity, tertiary GA, macrosomia, augmentation, induction of 
labour, epidural analgesia 
Fetal distress Age,  parity, SEIFA, 
tertiary 
GA, PET, PROM, placental abruption, IUGR, 
macrosomia, augmentation, induction of 
labour, epidural analgesia, prolonged labour 
Shoulder dystocia SEIFA GA, PET, IUGR, macrosomia, epidural 
analgesia 
Mode of delivery Age,  parity, SEIFA, 
tertiary 
GA, APH, placental praevia, placental 
abruption, macrosomia, spontaneous with 
augmentation, induction of labour, epidural 
analgesia, narcotic analgesia, prolonged 
labour, fetal distress 
Postpartum 
haemorrhage 
Parity, ethnicity, tertiary GA, PET, APH, placental praevia, placental 
abruption, macrosomia, narcotic analgesia, 
prolonged labour, CS, retained placenta 
Retained placenta Parity, tertiary GA, placental praevia, IUGR 
Severe perineal tear Parity, tertiary GA, assisted vaginal delivery, macrosomia 
Resuscitation Parity, SEIFA, tertiary GA, PET, PROM, placental praevia, placental 
abruption, IUGR, augmentation, analgesia in 
labour, assisted vaginal delivery, CS, fetal 
distress 
Neonatal SCN 
admission 
Age,  parity, smoking, 
SEIFA, tertiary 
GA, PET, PROM, GDM, IUGR, macrosomia, 
CS, fetal distress, resuscitation 
Stillbirth Tertiary GA, placental abruption, IUGR, induction, fetal 
distress, narcotics, spontaneous vaginal 
delivery 
TPL-threatened preterm labour, PROM-prelabour rupture of membranes, PET-pre-eclampsia, APH-antepartum 
haemorrhage, GDM-gestational diabetes, IUGR-intrauterine growth restriction (<5
th
 centile) 
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Antenatal, intrapartum and postnatal transfer rates for pregnancy outcomes presented in 
Table 4 were implemented in the PSM in accordance with the Home Birth Policy [2] (see the 
complete list of criteria in Appendix 1).  
 
Table 4. Rates of transfer to hospital care implemented in the PSM. 
Condition Transfer to 
hospital care  
Antenatal  
Preterm labour 100% 
Pre-eclampsia 100% 
Gestational diabetes 10% 
Prelabour rupture of membranes 100% 
37 weeks onward (if ROM>18 hrs) 20% 
Antepartum haemorrhage 
(excluding placenta praevia) 
100% 
Placenta praevia  
22-28 weeks 7% 
29-32 weeks 15% 
33-36 weeks 45% 
37 weeks onward 100% 
IUGR<5
th
 centile 100% 
Induction of labour 100% 
Intrapartum   
Non-vertex presentation 100% 
Augmentation of labour 100% 
Narcotic or epidural analgesia 100% 
Prolonged labour 100% 
Fetal distress 100% 
Shoulder dystocia 100% 
Assisted delivery 100% 
Caesarean section 100% 
Postnatal maternal  
Retained placenta 100% 
Severe perineal trauma 100% 
Postpartum haemorrhage 20% 
Neonatal  
Apgar score <7 at 5 minutes 100% 
Major resuscitation 100% 
ROM-rupture of membranes, IUGR-intrauterine growth restriction 
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Model validation 
The PSM was validated against the observed maternal characteristics, pregnancy 
complications, maternal and neonatal outcomes in the low risk hospital cohort and stratified 
by three categories of parity: 0, 1-4 and 5 or more (Table 5). Simulated data (n=1,000,000) 
showed a good fit with 92% of overall estimates within 0.1% of the observed data, and the 
remaining 8% of estimates within 0.2%. The largest discrepancies between simulated and 
observed data occur when the characteristic or event is rare. Even so, within stratifications of 
parity, 92% of estimates were within 1% of observed data, 4% of estimates within 2% of 
observed data, and gestation at delivery 37-40 weeks and admission to SCN for 
grandmultips (parity 5 or more - 0.9% of cohort) were within 2.1% and 2.2% respectively. 
The PSM was also validated within three categories of maternal age (<20y, 20-34y, 35y or 
more) resulting in a similar fit to the observed data (data not shown).  The simulated model 
provided a good fit to the observed data and was deemed appropriate for the estimation of 
risk of adverse events in pregnancy and estimation of transfers from home to hospital care. 
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Table 5. Validation of observed and simulated hospital births overall and stratified by parity 
status. 
 WA low risk pregnancies 
N=34,480 
 Simulated pregnancies 
N=1,000,000 
 Parity  Parity 
 0 
N=18,643 
(54.1%) 
1-4 
N=15,511 
(45%) 
5+ 
N=326 
(0.9%) 
All 
 
 0 
N=540,134 
(54%) 
1-4 
N=450,261 
(45%) 
5+ 
N=9,605 
(1%) 
All 
 
Age (y)          
<20 4.5 0.8 0.0 2.8  4.5 0.8 0.0 2.8 
20-34 82.6 74.5 43.6 78.6  82.7 74.6 43.1 78.7 
35+ 12.9 24.7 56.4 18.6  12.9 24.6 56.9 18.6 
Ethnicity          
Caucasian 73.4 73.9 50.9 73.4  73.3 74.0 51.6 73.4 
ATSI 0.6 1.3 6.1 1.0  0.6 1.3 6.0 1.0 
Other 26.0 24.8 42.9 25.6  26.1 24.7 42.4 25.6 
Smoking 6.3 8.9 27.3 7.7  6.3 8.9 27.6 7.7 
SEIFA high 44.5 40.1 31.7 42.4  44.5 40.1 31.3 42.4 
Pregnancy 
complications 
         
TPL 1.5 1.2 0.9 1.3  1.5 1.1 0.8 1.3 
PET 3.2 0.9 0.0 2.2  3.3 0.9 1.1 2.2 
GDM 7.5 6.4 7.7 7.0  7.5 6.6 7.5 7.1 
PROM 4.8 2.3 3.4 3.7  4.8 2.4 3.4 3.7 
Placenta 
praevia 
0.4 0.4 0.0 0.4  0.4 0.4 0.5 0.4 
Placental 
abruption 
0.2 0.2 0.3 0.2  0.2 0.2 0.2 0.2 
APH 2.0 1.6 1.5 1.8  1.9 1.6 1.4 1.7 
UTI 2.4 1.7 0.9 2.1  2.3 1.7 0.9 2.0 
IUGR 9.0 4.7 5.8 7.0  8.9 4.9 5.8 7.1 
Macrosomia 4.6 8.3 9.5 6.3  4.7 8.2 9.6 6.3 
Outcomes          
GA at delivery 
(weeks) 
         
20-21 0.2 0.2 0.0 0.2  0.1 0.1 0.2 0.1 
22-27 0.4 0.3 0.6 0.3  0.4 0.3 1.0 0.4 
28-32 0.7 0.4 0.6 0.6  0.5 0.3 0.7 0.4 
33-36 5.7 3.7 5.2 4.8  6.0 3.8 6.4 5.0 
37-40 80.1 86.1 81.0 82.8  80.2 86.1 78.9 82.8 
41-42 13.0 9.4 12.6 11.3  12.9 9.4 12.9 11.3 
Preterm 7.0 4.6 6.4 5.9  7.0 4.6 8.3 5.9 
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Table 5 continued. 
 WA low risk pregnancies 
N=34,480 
 Simulated pregnancies 
N=1,000,000 
 0 
N=18,643 
(54.1%) 
1-4 
N=15,511 
(45%) 
5+ 
N=326 
(0.9%) 
All  0 
N=540,134 
(54%) 
1-4 
N=450,261 
(45%) 
5+ 
N=9,605 
(1%) 
All 
Labour           
Non-vertex 
presentation 
6.4 3.2 3.4 5.0  6.4 3.2 4.3 5.0 
Onset of labour          
Spontaneous  24.0 40.1 54.0 31.5  24.1 39.9 53.3 31.5 
Augmented 28.2 18.7 17.2 23.8  28.1 18.6 16.5 23.7 
Induced 34.5 35.1 24.5 34.6  34.6 35.1 25.2 34.7 
No labour 13.4 6.2 4.3 10.0  13.3 6.4 5.0 10.1 
Analgesia           
None 28.2 55.6 76.0 41.6  28.6 55.1 75.6 41.5 
Narcotic 6.4 5.5 3.6 6.0  6.0 5.8 3.7 5.9 
Epidural 65.4 38.9 20.5 52.5  65.4 39.1 20.7 52.6 
Prolonged labour          
≤3cm 11.9 2.4 3.2 7.3  11.8 2.4 3.4 7.3 
>3cm 10.0 1.2 3.5 5.8  10.0 1.3 3.4 5.9 
Fetal distress 16.8 5.3 4.8 11.2  16.7 5.3 5.7 11.2 
Shoulder dystocia 1.5 2.1 1.6 1.8  1.6 2.1 2.1 1.8 
Mode of delivery          
SVD 36.6 81.0 86.2 57.0  37.2 79.8 84.6 56.8 
AVD 28.5 9.0 3.7 19.5  28.8 9.1 3.7 19.7 
Elective CS 10.9 5.1 2.5 8.2  10.5 5.8 4.0 8.3 
Emergency CS 24.0 5.0 7.7 15.3  23.6 5.3 7.7 15.2 
Retained placenta 1.2 1.3 .7 1.2  1.1 1.3 .7 1.2 
Perineal trauma 3.5 .8 .0 2.0  3.4 .8 .8 2.0 
PPH 16.5 10.5 13.8 13.8  16.5 10.5 13.6 13.7 
Neonatal           
Resuscitation           
None 79.1 85.7 80.8 82.1  79.1 85.6 80.8 82.0 
Minor 13.8 9.8 14.2 12.0  13.9 9.9 14.5 12.1 
Major 7.1 4.5 5.0 5.9  7.0 4.5 4.7 5.9 
SCN admission 11.7 6.5 7.7 9.3  11.7 6.6 9.9 9.4 
Stillbirth .6 .5 .9 .5  .5 .5 .7 .5 
Neonatal death .1 .1 .0 .1  .1 .1 .2 .1 
TPL-threatened preterm labour, PROM-prelabour rupture of membranes, PET-pre-eclampsia, APH-antepartum 
haemorrhage, GDM-gestational diabetes, UTI-urinary tract infection, IUGR-intrauterine growth restriction, SVD-
spontaneous vaginal delivery, AVD-assisted vaginal delivery, PPH-postpartum haemorrhage, SCN-special care 
nursery. 
 
Transfer rates 
Antenatal transfers from planned homebirth cohort reported in the literature ranged between 
7.4-30%, intrapartum transfers ranged between1.5-13%, postpartum transfers for maternal 
reasons between 0.7-6.7%, and for neonatal reasons between 0.06-1.4% [2].  The 
generated antenatal transfer rate was 9.5%, including 0.6% women who were transferred for 
induction of labour; the intrapartum transfer rate was 16.4% among women at home at the 
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onset of labour; and maternal and neonatal postpartum transfer rates were 2.1% and 3.1% 
respectively (Table 6). Antenatal, intrapartum and postpartum transfers for maternal reasons 
were more frequent among nulliparous women, and among women aged 35 years or more.  
Smokers were marginally more likely to require an antenatal transfer but intrapartum and 
postpartum transfer rates were similar. Grandmultips, 35 years or more, who smoked during 
the current pregnancy were more likely to have a postpartum transfer for maternal reasons.  
 
Table 6. Transfers into hospital care showing the proportion of planned homebirths (AN 
column) and the proportion remaining at home after onset of labour (OoL column). 
Maternal factors No AN IP PP maternal PP neonatal 
Parity Smoking Age AN OoL AN AN OoL AN OoL AN OoL 
P0 No <20 64.0 72.5 11.7 19.4 22.0 2.3 2.6 2.5 2.9 
  20-34 58.1 67.5 14.0 22.7 26.3 2.6 3.0 2.7 3.1 
  35+ 51.9 63.1 17.7 25.2 30.6 2.6 3.1 2.6 3.2 
 Yes <20 62.9 73.3 14.1 18.8 21.9 1.7 2.0 2.4 2.8 
  20-34 60.7 71.3 14.8 19.7 23.1 2.4 2.8 2.3 2.7 
  35+ 58.7 68.3 14.0 23.0 26.7 2.1 2.4 2.2 2.5 
P1+ No <20 78.3 82.9 5.5 10.8 11.4 1.8 1.9 3.7 3.9 
  20-34 77.5 83.3 6.9 11.0 11.8 1.7 1.8 2.9 3.1 
  35+ 75.8 82.3 7.9 11.7 12.7 1.6 1.8 3.0 3.2 
 Yes <20 76.5 82.9 7.8 10.6 11.5 1.4 1.5 3.8 4.1 
  20-34 77.1 83.2 7.4 11.2 12.0 1.5 1.6 2.9 3.1 
  35+ 70.1 79.2 11.5 13.5 15.3 2.3 2.6 2.7 3.0 
Total   70.8 78.3 9.5 14.9 16.4 1.9 2.1 2.8 3.1 
 
 
The most common reason for antenatal transfer was spontaneous preterm labour at less 
than 37 weeks gestation (3%), for intrapartum transfer was augmentation of labour (2.9%) 
and prolonged second stage of labour (2.8%), and for postpartum transfers was postpartum 
haemorrhage and neonatal resuscitation for the maternal and neonatal reasons respectively 
(Table 7). 
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Table 7. Reasons for transfer  
Reason N % 
No transfer 708194 70.8 
Threatened preterm labour 11294 1.1 
Pre-labour rupture of membranes 15648 1.6 
Pre-eclampsia 16700 1.7 
Placenta praevia 825 0.1 
Placenta abruption 1590 0.2 
Antepartum haemorrhage  15488 1.5 
Gestational diabetes mellitus 6197 0.6 
Intrauterine restricted (SGA<5
th
 centile) 21233 2.1 
Non-vertex presentation 13283 1.3 
Induction of labour 6280 0.6 
Spontaneous onset of labour (<37 weeks) 30376 3.0 
Augmentation 28777 2.9 
Narcotic analgesia 1823 0.2 
Epidural/spinal analgesia 12073 1.2 
Prolonged labour<3cm 23938 2.4 
Prolonged labour>=3cm 3556 0.4 
Fetal distress 6272 0.6 
Shoulder dystocia 7102 0.7 
Assisted vaginal delivery 9620 1.0 
Emergency caesarean section 6482 0.6 
Retained placenta 5465 0.5 
Perineal trauma 7551 0.8 
Postpartum haemorrhage  11785 1.2 
Stillbirth 496 0.05 
Minor resuscitation 5487 0.5 
Major resuscitation 16040 1.6 
Special nursery admission 6182 0.6 
Neonatal death 243 0.02 
 
 
Discussion 
The PSM preserves patient heterogeneity and enables the evaluation of the pregnancy 
outcomes and transfer rates for the homebirth population. The model can predict likely 
clinical events, pregnancy outcomes and estimations of transfer rates for each combination 
of maternal characteristics and allows for the identification of maternal risk profiles for which 
the hospital model of care may be more suitable.  
 One of the benefits of the PSM is being able to model cross-sectional prevalence data 
longitudinally to represent the incidence rates of pregnancy complications at each gestation 
week during pregnancy, however, this required several steps. Routinely collected pregnancy 
data do not include GA of pregnancy complications, and only allow the association of 
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pregnancy events and outcomes, whereas, the implementation of the PSM requires the 
construction of predictive equations reflective of causative pathways. To model the GA at 
onset of the complication it was necessary to use information on the minimal and/or maximal 
limits of when complications can occur. Furthermore, only pregnancy events that were 
known to be causative factors of adverse outcomes were selected for inclusion in the logistic 
equations. Small adjustments of prediction equation parameters were required to calibrate 
the model and achieve a close fit between the simulated and observed data. 
 
The use of randomly selected maternal profiles directly from the target population via the 
bootstrapping method available in the current version of the software strengthened the 
model estimates. Previous model estimates were based on maternal characteristics 
expected in the reference obstetric population. The inclusion of real patient data in the 
modelling of pregnancy outcomes in homebirths alleviates some of the bias introduced when 
characteristics and motivations particular to the self-selected cohort of women who choose 
homebirth are not taken into account.  
 
The PSM application was used in this project to estimate expected rates of antepartum, 
intrapartum and postpartum transfer for the homebirth population in WA. The model could 
also be extended to estimate associated costs of pregnancy care. For example, the PSM 
could be used to study the economic impact of the homebirth population on resources 
required for the delivery of maternity care. Additionally, the PSM takes many factors into 
account making it useful for exploring the effect on pregnancy outcomes of changes in the 
characteristics of a population over time.  An example using this application is the increasing 
age of first time mothers in the general population. By adjusting the proportion of nulliparous 
women in the older age group, the effect of increasing age on pregnancy outcomes can be 
predicted by running a new simulation with the adjustment.  
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Conclusion 
The model provides the estimation of transfer rates in a large hypothetical cohort of 
homebirths which will assist women and healthcare providers in making informed choices for 
childbirth based on risk profile. The pregnancy model will provide a useful tool for the 
development of future benchmarking of pregnancy outcomes and transfers via comparison 
with an equivalent low risk obstetric population of women with planned hospital birth.  
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Appendix 1 
 
Home Birth Policy Criteria for Consultation, Referral and/or Transfer to Hospital/Supporting 
Maternity Unit (2013) 
 
Antenatal factors 
 Antepartum haemorrhage 
 Multiple pregnancy (twins or higher order plurality) 
 Known or suspected fetal abnormalities where neonatal management is required 
 Breech presentation after 37 weeks  
 Abnormal placentation including low lying placenta confirmed on scan at 32-34 weeks 
 Hypertension and/or preeclampsia 
 Gestational diabetes requiring medication for glycaemic control  
 Suspected intrauterine growth restriction or small for gestational age  
 Polyhydramnios or oligohydramnios  
 Preterm pre labour rupture of membranes (PPROM) before 37 weeks  
 Pre-labour rupture of membranes > 24 hours if GBS negative and if not in active labour20  
 Pre-labour rupture of membranes > 18 hours if GBS positive or status unknown and if not 
in active labour.  
 Post-term pregnancy (≥ 42 completed weeks)  
 Women weighing >110kg prior to the onset of labour will be required to birth in a hospital 
unit for Occupational Safety and Health reasons  
 
Intrapartum factors 
 Abnormal presentation  
 Breech presentation  
 Active genital herpes in late pregnancy or at onset of labour  
 Gestational hypertension (GH)  
 Pre-eclampsia  
 Preterm labour before 37 weeks 
 Prolonged rupture of membranes (PROM) > 24 hours  
 Intrapartum haemorrhage 16  
 Vasa praevia  
 Suspected placenta abruption and/or praevia 
 Uterine rupture  
 Prolapsed cord or cord presentation  
 Fetal death during labour  
 Pyrexia or evidence of infection or maternal temperature > 37.6° C on more than one 
occasion  
 Meconium stained amniotic fluid 
 Non-reassuring fetal heart patterns  
 Requires continuous fetal monitoring 
 Lack of engagement of the fetal head once in established labour  
 Absence of progress in established labour as determined by lack of cervical dilation and 
descent of the fetal head.  
 First stage of labour in excess of 18 hours 
 Active second stage of labour in excess of one hour with minimal/slow progress and/or 
without head on view 
 Shoulder dystocia 
 Uterine inversion  
 Third or fourth degree perineal tear  
 Retained or incomplete placenta  
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 Shock/Maternal collapse  
 
Postpartum factors  
 
Mother 
 Postpartum haemorrhage > 600 mL and/or symptomatic blood loss  
 Evidence of infection or maternal temperature > 37.6° C on more than one occasion  
 
Neonate  
 Apgar score < 7 at five minutes 
 Neonatal respiratory problems  
 Neonatal convulsions  
 Unsuspected congenital abnormalities  
 Low birth weight (< 2500 g)  
 Neonatal temperature below 36.5 or above 37.4° C on more than one occasion 
